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Description

FIELD OF THE INVENTION

This invention relates to a partial oxidation process for disposing of biological sewage sludge without pol-
luting the nation’s environment.

DESCRIPTION OF THE PRIOR ART

The term "sewage" as used herein may be broadly defined as "water-carried wastes," particularly from
municipal sanitary sewage lines containing body wastes (excreta), household wastes, community waste such
as street washings, etc., and some industrial wastes. The total solids content of the sewage in municipal lines
is usually about 500 parts per million (p.p.m.) or more. The solids in sewage are mostly animal or vegetable
substances, "organic matter," i.e. fats, carbohydrates, and proteins. Some mineral or inorganic constituents
present include sand and clay, as well as the common mineral salts found in the water supply. Sewage sludge
may contain a number of pathogens known to be health hazards to humans. Almost any type of organism may
be found in sewage including bacteria, protozoa, spores and cysts.

When sewage is introduced directly into streams, nuisance results from the putrefactive decomposition of
the aforesaid organic matter. This biochemical decomposition produces substances which quickly consume
the dissolved oxygen in the water, causing the death by suffocation to practically all of the higher animals such
asfish. Objectionable gases may also be produced, and there is the possibility of disease if pathogenic bacteria
is present. The consumption of oxygen by sewage is called the "bio-chemical oxygen demand" or "BOD". BOD
tests denote the amount of oxygen consumed by bacterial activity under standard sampling and test conditions,
i.e. Standard Methods American Public Health Association. On the other hand, the term "chemical oxygen de-
mand" or "COD" denotes the total oxidizable material present in the waste liquid regardless of whether or not
it is biodegradable. COD may be determined by ASTM Test Method D 1252-67. Although the BOD and COD
of a sample of waste material are not comparable in all respects, generally a reduction in COD would indicate
a reduction in BOD.

Typical Chemical Composition, Ultimate Analysis of Combustibles, and Analysis of Inert Materials In Pri-
mary Sewage Sludge are shown respectively in Tables |, Il and IIl.
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TABLE I - TYPICAL CHEMICAL COMPOSITION OF
UNTREATED PRIMARY SEWAGE SLUDGE

Item

Total dry solids (TS), wt %
Volatile solids (% of TS)
Grease and fats

(ether-soluble, % of TS)

Protein (% of TS)

Nitrogen (% of TsS)
Phosphorus (P305, % of TS)
Potash (K30, % of TS)
Cellulose (% of TS)

Iron (not as sulfide)
Silica (Sioy, % of TS)

pH

Alkalinity (mg/L as CaCoOj)
Organic acids (mg/L as HA()
Higher Heating Value BtU/1b

Range
0.5-8.0

60-80

6.0-30.0
20-30
1.5-6.0
0.8-3.0
0-1.0
8.0-15.0
2.0~-4.0
15.0-20.0
5.0-8.0
500-1500
200-2000
4000~-7000

TABLE IT - TYPICAL ULTIMATE

ANALYSIS OF COMBUSTIBLES IN PRIMARY SEWAGE SLUDGE

ELEMENT
Carbon
Hydrogen
Nitrogen

Oxygen
Sulfur

Wwe. %
54.60
7.90
4.50
32.00
1.00
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TABLE III - TYPICAL ANALYSIS
OF INERT NON-COMBUSTIBLE MATERIALS IN PRIMARY SEWAGE SLUDGE

ELEMENT . ma/ka DRY SOLIDS
Total Sodium 1,515
Water Soluble Sodium (mg/1) 83
Total Potassium 800
Water Soluble Potassium (mg/l) 53
Arsenic 4.58
Beryllium 0.38
Cadmium : . 3.27
Chromium 244
Copper 289
Iron 150
Lead 147
Zinc 468
Nickel 63
Mercury 0.68

The most common ways of disposing of sewage sludge in the U.S. in 1984 were as follows: land applica-
tions including filling and burying - about 60 wt. %, incineration - about 20 wt. %, and ocean dumping - about
7 wt. %. Thousands of tons of sewage sludge are dumped into the ocean annually. For example, about 1500
dry tons of sludge were dumped in the ocean every day in 1988. Ocean dumping of sewage sludge is one of
the major environmental problems of our large East Coast cities. A Federal ban enacted in 1988 prevents ocean
dumping after December 31, 1991. Until then, dumping fees from $100-$200 per dry ton will be charged based
on the dry tonnage of sludge dumped at the disposal site, for example, in the Atlantic about 106 miles east of
Cape May.

The amounts involved, shortage of land and high transporation costs, place future limitations on landfilling
as a means for disposing of sludge. Incinerators have poor emissions characteristics, including soot and par-
ticulate matter, toxic gases e.g. dioxane, and foul odors. Air quality standards of federal and state environmental
protection agencies while placing severe limitations on the use of incinerators can be readily met by the subject
process.

To provide the sewage sludge feed in the subject process, raw municipal sanitary sewage is separated
into sewage sludge and liquid. Any suitable way for separating solids and liquid may be used. For example, in
coassigned U.S. Patent No. 3,687,646, which is incorporated herein by reference, screening, gravity settling,
filtration, centrifugation, expression pressing, and combinations thereof may be used. Heat treating sewage
sludge is described in Wastewater Engineering Treatment/Disposal/ Reuse, Metcalf and Eddy Inc., McGraw-
Hill, 1979, pages 636-637. Coking sewage sludge is disclosed in coassigned U.S. Patent No. 3,507,788. How-
ever, none of these references taken singly or in combination teach or suggest applicants’ improved partial
oxidation process for disposing of a pumpable slurry comprising coal or other fuel in admixture with an up-
graded and agglomerated sewage sludge without contaminating the environment. Advantageously by the sub-
ject process, steam or hot water for use in the process, and valuable synthesis gas, reducing gas, or fuel gas
are produced.

GB-A- 1 371 296 relates to the partial oxidation of dewatered sewage sludge with supplemental fuel to
produce synthesis gas. US-A- 4 762 527 relates to a pumpable slurry fuel comprising particulate solid fuel
and a minor proportion of sewage sludge, which sludge has been subjected to a heat treatment under specified
conditions of temperature and pressure to effect a lower viscosity for the sewage sludge upon return to ambient
conditions
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SUMMARY OF THE INVENTION

This relates to an improved partial oxidation process for disposing of sewage sludge without contaminating
the environment comprising:

(1) heating a concentrated aqueous slurry of sewage sludge obtained from sewage and comprising com-
bustible and non-combustible materials and having a solids content of at least 3 wt. % in the absence of
air at a temperature in the range of about 93°C - 315°C (200°F to 600°F) and at a pressure at or above
the vapor pressure of water at said elevated temperature until a large portion of the organic matter in said
sewage is agglomerated; and shearing said aqueous slurry of sewage sludge in (1) at a shear rate of at
least 1000 per minute for a period of about ' hr to 2 hrs while said aqueous slurry of sewage sludge is
being heated

(2) dewatering the heated aqueous pumpable slurry of sewage sludge from (1) to a solids content in the

range of about 25 to 50 wt. %;

(3) mixing the pumpable aqueous slurry of sewage sludge produced in (2) having a higher heating value

(HHV) of at least 7 MJ/Kg (3,000 Btu/lb) (dry basis) with particles of a supplemental solid fuel comprising

ash-containing coal and/or petroleum coke having a higher heating value (HHV) of at least about 18.6

MJ/Kg (8,000 Btu/lb) (dry basis) to produce a pumpable aqueous sewage sludge-coal and/or petroleum

coke slurry having a solids content in the range of about 30 to 65 wt %, and having a higher heating value

(HHV) of at least about 18.6 MJ/Kg (8,000 Btu/Ib) (dry basis); and

(4) reacting said aqueous sewage sludge-coal and/or petroleum coke slurry from (3) in the reaction zone

of a partial oxidation gas generator at a temperature in the range of about 982°C-1538°C (1800°F to

2800°F) and a pressure in the range of about 0.1-3.5 MPa (1-35 atmospheres) and in the presence of a

free-oxygen containing gas, thereby producing a hot raw stream of synthesis gas, reducing gas or fuel gas.

Non-combustible materials in the sewage sludge, such as heavy metals that could contaminate the land,

become encapsulated in the coal ash and are thereby easily removed from the gasifier as inert molten

slag. Optionally, acid gases may be removed from the raw gas stream by conventional gas purification
steps.

Advantageously, waste heat from the partial oxidation gasifier may be used in the process to agglomerate
the aqueous suspension of sewage sludge so that pumpable suspensions of coal and sewage sludge having
a high solids content may be produced as feedstock to the gasifier. While undesirable hydrocarbon by-products
are not formed in the subject process, undesirable hydrocarbons in waste streams are destroyed. Effluent
streams may be treated by conventional methods and the slag produced is substantially inert in leaching tests.
Further, valuable synthesis gas, reducing gas, or fuel gas is produced from waste streams of sewage sludge.

Another embodiment relates to a partial oxidation process for disposing of sewage sludge comprising: (1)
heating a concentrated aqueous slurry of sewage sludge comprising combustible and non-combustible mate-
rials and having a solids content of at least 3 wt.% in the absence of air at a temperature in the range of about
93°C-315°C (200 to 600°F) and at a pressure at or above the vapor pressure of water at said elevated tem-
perature until a large portion of the organic matter in said sewage is agglomerated;

(2) dewatering the heated aqueous pumpable slurry of sewage sludge from (1) to a solids content in the

range of about 25 to 50 wt. %;

(3) mixing the pumpable aqueous slurry of sewage sludge produced in (2) having a higher heating value

(HHV) of at least 7 MJ/Kg (3,000 Btu/Ib) (dry basis) with a supplemental fuel comprising a liquid hydrocar-

bon or liquid hydrocarbonaceous fuel having a higher heating value (HHV) of at least about 23 MJ/Kg

(10,000 Btu/lb) to produce a pumpable feed slurry having a solids content in the range of about 30 to 65

wt. % and having a higher heating value (HHV) of at least about 14 MJ/Kg (6,000 Btu/Ib) (dry basis); and

(4) reacting said pumpable feed slurry from (3) in the reaction zone of a partial oxidation at a temperature

in the range of about 982°C-1538°C (1800°F to 2800°F) and a pressure in the range of about 0.1-3.5 MPa

(1-35 atmospheres) and in the presence of a free-oxygen containing gas, thereby producing a hot raw

stream of synthesis gas, reducing gas or fuel gas.

Still another embodiment relates to a partial oxidation process for disposing of sewage sludge comprising:

(1) heating a concentrated aqueous slurry of sewage sludge comprising combustible and non-combustible

materials and having a solids content of at least 3 wt.% in the absence of air at a temperature in the range

of about 93°C-315°C (200 to 600°F) and at a pressure above the vapor pressure of water at said elevated
temperature until a large portion of the organic matter in said sewage is agglomerated;

(2) dewatering the heated aqueous pumpable slurry of sewage sludge from (1) to a solids content in the

range of about 25 to 50 wt. %;

(3) mixing the pumpable aqueous slurry of sewage sludge produced in (2) having a higher heating value

(HHV) of at least 7 MJ/Kg (3,000 Btu/lb) (dry basis) with a supplemental fuel comprising a gaseous fuel
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having a higher heating value (HHV) of at least 2794 KJ/m?3 (75 Btu per Standard Cubic Foot (SCF)) to
produce a dispersion of sewage sludge in gaseous fuel, wherein said dispersion has a higher heating value
(HHV) of at least 11178 KJ/m?3 (300 Btu/SCF;) and

(4) reacting said atomized dispersion from (3) in the reaction zone of a partial oxidation gas generator at
a temperature in the range of about 982°C - 1538°C (1800°F to 2800°F) and a pressure in the range of
about 0.1-3.5 MPa (1-35 atmospheres), and in the presence of a free-oxygen containing gas, thereby pro-
ducing a hot raw stream of synthesis gas, reducing gas or fuel gas.

BRIEF DESCRIPTION OF THE DRAWING

The invention will be further understood by reference to the accompanying drawing. The drawing is a sche-
matic representation of a preferred embodiment of the process.

DESCRIPTION OF THE INVENTION

Municipal sanitary sewage sludge is disposed of by the process of the subject invention without polluting
the nation’s environment. In the subject process, upgraded hydrothermally treated, preferably while being
sheared, and concentrated aqueous slurries of sewage sludge are mixed with a supplemental fuel selected
from the group consisting of solid carbonaceous fuel e.g. coal and/or petroleum coke, liquid hydrocarbonaceous
fuel, liquid hydrocarbon, and fuel gas and reacted with a free oxygen-containing gas by partial oxidation in a
free-flow non-catalytic gas generator. The expression "and/or" is used herein in its normal sense and for ex-
ample means a material selected from the group consisting of coal, petroleum coke, and mixtures thereof. Si-
multaneously, profitable by-products are produced in the form of steam and hot water for use in the process
or export, while useful nonpolluting synthesis gas, reducing gas, or fuel gas products are formed.

The sewage sludge feed in the process is produced by treating raw municipal sanitary sewage by con-
ventional processing steps and equipment. For example, the sewage from the municipal sewage line is passed
through bar screens for the removal of large pieces of stone, wood, metal, and other trash which would clog
channels or damage pumps. Coarse heavy inorganic non-combustibles, i.e. gravel, cinders, sand are then set-
tled out in a grit chamber. Dry sewage sludge is composed of about 55 to 75 wt.% of combustible materials,
see Table Il. The remainder substantially comprises non-combustible materials, see Table Il

The sewage is then separated into an aqueous suspension of sewage sludge and liquids. Concentration
of the sewage may be accomplished by any suitable way for separating solids and liquids e.g. gravity settling,
filtration, centrifugation, hydroclone, or a combination thereof. For example, a preferable preliminary procedure
is to introduce the screened over-flow from the grit chamber into a primary sedimentation tank such as a con-
tinuous clarifier as shown in Perry’s Chemical Engineers’ Handbook, McGraw-Hill, Fourth Edition, 1963, page
19-50. Detention time in the sedimentation tank is sufficient for producing a pumpable aqueous slurry of pri-
mary sludge having a solids content of about .5 to 10 wt. % percent e.g. about 1 to 24 hours. The primary sed-
imentation tank may also serve as a hold-up tank to even out discontinuities in the sewage composition. Al-
ternatively, a separate holding tank may be used. In a preferred embodiment, a pumpable aqueous slurry of
secondary sewage sludge is introduced into the holding tank and mixed with the primary sewage sludge. Sec-
ondary sewage sludge has a solids content in the range of about 1 to 10 wt. % and is derived from the liquid
overflow from the previously mentioned primary sedimentation tank. The liquid overflow is processed in a con-
ventional manner in order to produce secondary sewage sludge, and to reduce the BOD and organic solids
content and to purify and demineralize the waste water which is separated from the secondary sewage sludge.
Treatment of the liquid overflow from the primary sedimentation tank may include a combination of any or pre-
ferably all of the following steps, depending upon the end use of the water: pH adjustment; reduction of organic
solids and BOD to about 20 parts per million or below, preferably by aerated biochemical treatment; clarifica-
tion, optionally with coagulation; filtration or centrifugation; demineralizing; activated carbon treatment; and dis-
infection to control bacteria for example by chlorination. Excessively acidic or basic waste waters may be neu-
tralized and the pH adjusted to a level in the range of about 6 to 9. Anaerobic and aerobic biological treatment
processes are preferably used to economically abate the bacterial oxygen-consuming pollution caused by the
discharge of waste water contaminated with low concentrations of organic matter. Suitable conventional bio-
logical processes that may be used include activated sludge units, aerated stabilization basins, and trickling
filters.

The pure water may be then used subsequently in the process. For example, it may be used as a coolant
of the product gas by direct contact in a quench tank, or by indirect heat exchange in a waste heat boiler. By-
product steam may be produced after dissolved solids are removed. The hot water or steam may be used for
indirect heat exchange with other streams in the subject process. For example, to preheat and thereby ag-
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glomerate the aqueous suspension of sewage sludge in a manner to be further described. Excess water may
be discharged from the system or used externally for industrial applications.

The sludge underflow from the primary sedimentation tank comprising primary sewage sludge or from the
holding tank comprising primary sewage sludge in admixture with about 0 to 50 wt. % (basis total sewage
sludge) of secondary sewage sludge may be dewatered further if necessary to produce a thickened aqueous
suspension of sewage sludge having a solids content of at least 3.0 wt.%, such as in the range of about 10 to
25 weight percent. Further dewatering of the sludge to produce a pumpable aqueous slurry having a solids
content in the range of about 25 to 50 weight percent is accomplished by the steps of (1) agglomerating, and
(2) concentrating.

It was previously found that an aqueous suspension of sewage sludge having a solids content of about 20
wt. % when mixed with coal produced a very viscous slurry. Thus, when the aqueous sewage sludge slurry
was mixed with particles of coal to form an aqueous sewage sludge-coal slurry having a solids content in the
range of about 50 to 60 wt. %, the resulting slurry was so viscous that it could not be pumped with any degree
of reliability.

However, this deficiency has now been overcome by the subject invention, for example by which a pump-
able aqueous sewage sludge-coal and/or petroleum coke slurry having a high solids content and containing
an increased amount of sewage sludge is produced. This is an economic advantage because the profit that
can be made from the subsequent gasification of sewage sludge is determined by the percentage of sewage
sludge in the aqueous slurry of sewage sludge-coal and/or petroleum coke. It was found that by heating a con-
centrated aqueous slurry of sewage sludge having a solids content of at least 3 wt%, such as about 10 to 25
wt. % for about 15 min. to 2 hrs. in the absence of air at a temperature in the range of about 93°C - 315°C
(200°F to 600°F,) such as about 121°C - 177°C (250°F to 350°F) at a pressure at or above the vapor pressure
of water at said elevated temperature e.g. at a pressure of about 1-1.5 mPa (10 to 15 atmospheres,) a large
portion e.g. about 50 to 100 wt. %, or substantially all of the organic matter in said sewage sludge is agglom-
erated. The physical nature of the sewage sludge is changed by this hydrothermal treatment. For example,
the gel structure is broken down and the water affinity of the sludge solids is reduced. Further, the sewage
sludge is sterilized.

It is theorized that during the heating of the sewage, denaturation reactions occur and the organic hydro-
philic sewage material is converted to a hydrophobic material.

The oxygen content of sewage sludge, which is usually associated with hydrophilicity decreases upon
heating. This is shown by the data in Table IV below.

TABLE IV

EFFECT OF HEATING ON COMPOSITION OF SEWAGE SLUDGE
WEIGHT PERCENT

AS 1 Hour 1 Hour 1 Hour
COMPONENT REC'D (2125Q1°C) (31235"19) (Z&ﬁ)
ASH 36.3 38.0 47.38 S4.0
C 31.2 30.54 29.1 31.54
1 1.84 4.78 4.39 3.85
N 3.92 3.98 2.384 2.12
S 1.66 1.68 2.07 2.26
0 22.08 21.52 14.22 5.93

When weak solid-water interfacial forces prevail, then the aqueous suspensions of sewage sludge may
be easily dewatered further by conventional means. It was unexpectedly found that pumpable slurries are pro-
duced by the subject process that contain a relatively high solids content e.g. about 30 to 65 wt. % comprising
for example coal and/or petroleum coke particles in admixture with the hydrothermally treated sewage sludge.

7
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Shearing the sewage sludge at a minimum shear rate of about 1000 per minute for a period of about 1/4
hr. to 2 hrs., while heating is more beneficial than either heating the sewage sludge or shearing alone. Increas-
ing the amount of sewage sludge in the aqueous slurry of sewage sludge and coal by heating and shearing
the sewage sludge is shown in Table V.

TABLE V
Effect Of Combined Heating And Shearing Of Sewage Sludge
Pricr To Mixing With Coal To Form A Pumpable Aqueous Slurry
Of Sewage Sludge And Coal.

WEt. % Sewage Treatment of Sewage Sludge Total Solids
Sludge (Dry Basis) Prior to Mixing With Coal In Aquecus
In Agqueous Slurry Slurry Of Sewage
of Sewage Sludge Sludge And Coal
aAnd Coal Shear At 1000cp:
Temp Time Rate 1 Maximum
°F Hr. Min~t Pumpable Slurry
0 - None - 59.5
10 - None - 44.1
20 - None - 35
30 . . - None - 32
4Q - None - 26
30 21°¢(70) 1 3400 34.5
30 121°C{250) 1 3400 40.1
30 163°C(325) 1 3400 54
20 260°C(500) 1 3400 54
30 163°C(325) 1 None 3
100 204°C(400) 1 3400 22.58
100 - None - 15
100 21°c(70) None 3400 15
1. Shear stress provided by stirring at 400 rpm in an
autocclave

Advantageously, in the subject process that provides for the hydrothermal treatment of the sewage sludge
and the subsequent partial oxidation of the upgraded sewage sludge along with a supplemental fuel having a
greater heat content than the sewage sludge e.g. preferably coal, waste heat in the effluent gas stream from
the partial oxidation gasifier may be used to agglomerate the aqueous suspension of sewage sludge. For ex-
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ample, the hydrothermally treated, and thereby upgraded aqueous slurry of sewage sludge is produced by
passing the pumpable concentrated aqueous slurry of sewage sludge in noncontact indirect heat exchange
with a quench water dispersion at a temperature in the range of about 93°C to 315°C (200°F to 600°F.) The
quench water dispersion is obtained from the bottom of a quench tank, such as quench tank 20 used to quench
cool the hot raw effluent gas stream from the gasifier, see drawing in coassigned U.S. Patent No. 4,074,981,
which is incorporated herein by reference. Alternatively, the pumpable concentrated aqueous slurry of sewage
sludge may be heated with steam. Preferably, the steam may be obtained from a waste heat boiler used to
cool the hot raw effluent gas stream from the gas generator. For example, high quality or superheated steam
from said waste heat boiler may be introduced into a steam turbine to make mechanical power and/or electricity.
Then, the low quality discharge steam leaving the steam turbine may be used in indirect heat exchange in the
hydrothermal treatment of the concentrated aqueous slurry of sewage sludge.

After being agglomerated, the aqueous suspension of sewage sludge may be easily concentrated to a sol-
ids content in the range of about 25 to 50 weight percent and preferably to about 32 weight percent by con-
ventional means, e.g. settler, centrifugation.

The comparatively low heat content (HHV) of the hydrothermally treated sewage sludge e.g. at least about
7 MJ/Kg (3,000 Btu/lb) is increased by mixing it with particles of coal and/or other petroleum coke, or another
supplemental fuel which has a higher heating value than the hydrothermally treated sewage sludge. For ex-
ample, the supplemental fuel should have a higher heating value of at least about 8000 Btu/lb. The resulting
mixture of coal and/or petroleum coke, or other fuel and sewage sludge should have a minimum higher heating
value of at least about 14 mJ/Kg (6,000 Btu/lb.)

The fuel feed to the partial oxidation gas generator comprises about 10 to 70 wt. %, such as about 25 to
60 wt. % of sewage sludge and the remainder comprises particulate coal and/or petroleum coke, or other fuel
in which the heat content (HHV) is greater than that of the hydrothermally treated sewage sludge. The coal
and/or petroleum coke have a particle size so that 100% passes through an ASTM E 11-70 Sieve Designation
Standard (SDS) 1.40 mm Alternative No. 14, such as 425 um Alternative No. 40. The term ash-containing coal
includes anthracite, bituminous, subbituminous, coke from coal, lignite, residue derived from coal liquification,
and mixtures thereof. Petroleum coke is made from conventional delayed or fluid coking processes.

The pumpable aqueous slurry of sewage sludge and coal or other fuel which comprises the fuel feed to
the partial oxidation gas generator may have a solids content in the range of about 30-65 wt. %, such as about
45-60 wt. %. This slurry feed may be prepared by mixing the following materials together using a conventional
mixer, such as an in-line mixer: (1) a pumpable slurry of coal and/or petroleum coke in a liquid carrier selected
from the group consisting of water, liquid hydrocarbon, liquid hydrocarbonaceous fuel, and mixtures thereof;
and (2) an aqueous suspension of sewage sludge having a solids content in the range of about 25 to 50 wt.
%. The coal and/or petroleum coke slurry has a solids content in the range of about 10 to 70 wt. %, such as
about 25 to 50 wt. The liquid hydrocarbonaceous fuel slurrying medium in (1) may be selected from the group
consisting of virgin crude, residue from petroleum distillation and cracking, petroleum distillates, reduced crude,
whole crude, coal derived oil, and mixtures thereof.

Alternatively, the pumpable slurry feed to the gasifier having a solids content in the range of about 30-65
wt. % may be prepared at a great cost savings by grinding together in a conventional grinder, coal and/or pet-
roleum coke and the hydrothermally treated and concentrated aqueous slurry of sewage sludge having a solids
content in the range of about 25 to 50 wt. %. By this procedure, coal and/or petroleum coke and sewage sludge
are simultaneously ground to the proper size as specified previously for coal and/or petroleum coke and mixed
together. The coal and/or petroleum coke may be supplied in the dry form or entrained in a liquid carrier e.g.
water, liquid hydrocarbonaceous fuel, or mixtures thereof.

In one embodiment, the supplemental fuel comprising coal and/or petroleum coke in the slurry feed to the
gasifier comprising coal and/or petroleum coke and sewage sludge was replaced by a liquid hydrocarbon or a
liquid hydrocarbonaceous fuel selected from the group consisting of virgin crude, residue from petroleum dis-
tillation and cracking, petroleum distillates, reduced crude, whole crude, coal derived oil, asphalt, coal tar, shale
oil, tar sand oil, and mixtures thereof. The amount of liquid hydrocarbon e.g. waste streams of alcohols and/or
aldehydes or liquid hydrocarbonaceous fuel is such that the aqueous slurry of hydrothermally treated sewage
sludge and the liquid hydrocarbons or liquid hydrocarbonaceous fuel has a minimum heat content of about 18.6
mJ/kg (8,000 Btu/Ib).

The aqueous slurry of sewage sludge and coal and/or petroleum coke and a stream of free-oxygen con-
taining gas are introduced into a free-flow unobstructed down-flowing vertical refractory lined steel wall pres-
sure vessel where the partial oxidation reaction takes place. A typical gas generator is shown and described
in coassigned U.S. Patent No. 3,544,291, which is incorporated herein by reference.

A three or four stream annular type burner, such as shown and described in coassigned U.S. Patent Num-
bers 3,847,564, and 4,525,175, which are incorporated herein by reference, may be used to introduce the feed-
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streams into the partial oxidation gas generator. With respect to U.S. Patent No. 3,847,564, free-oxygen con-
taining gas may be simultaneously passed through the central conduit 18 and outer annular passage 14 of
said burner. The free-oxygen containing gas is selected from the group consisting of substantially pure oxygen
i.e. greater than 95 mole % O,, oxygen-enriched air i.e. greater than 21 mole % O,, and air. The free-oxygen
containing gas is supplied at a temperature in the range of about 38°C - 358°C (100°F to 1000°F). The aqueous
slurry of sewage sludge coal and/or petroleum coke or alternatively the pumpable aqueous slurry of sewage
sludge and liquid hydrocarbon or liquid hydrocarbonaceous fuel is passed through the intermediate annular
passage 16 at a temperature in the range of about ambient to 343°C (650°F).

The burner assembly is inserted downward through a top inlet port of the noncatalytic synthesis gas gen-
erator. The burner extends along the central longitudinal axis of the gas generator with the downstream end
discharging a multi-phase mixture of fuel, free-oxygen containing gas, and temperature moderator directly into
the reaction zone.

The relative proportions of solid, liquid, or gaseous fuels, water and oxygen in the feedstreams to the gas
generator are carefully regulated to convert a substantial portion of the carbon in the fuel e.g., up to about 90%
or more by weight, to carbon oxides; and to maintain an auto-genous reaction zone temperature in the range
of about 982°C-1926°C (1800°F to 3500°F). Preferably the temperature in the gasifier is in the range of about
1204°C - 1538°C (2200°F to 2800°F), so that molten slag is produced. Further, the weight ratio of H,O to carbon
in the feed is in the range of about 0.2 to 3.0, such as about 1.0 to 2.0. The atomic ratio of free-oxygen to carbon
in the feed is in the range of about 0.8 to 1.4, such as about 1.0 to 1.2. Advantageously, the high amount of
combined oxygen in the sewage sludge reduces the amount of free-oxygen.

The dwell time in the reaction zone is in the range of about 1 to 10 seconds, and preferably in the range
of about 2 to 8 seconds. With substantially pure oxygen feed to the gas generator, the composition of the ef-
fluent gas from the gas generator in mole % dry basis may be as follows: H, 10 to 60, CO 20 to 60, CO, 5 to
40, CH,4 0.01 to 5, H,S+COS 0 to 5, N, nil to 5, and Ar nil to 1.5. With air feed to the gas generator, the com-
position of the generator effluent gas in mole % dry basis may be about as follows: H, 2 to 20, CO 5 to 35,
CO, 510 25, CH, 0 to 2, H,S+COS 0 to 3, N, 45 to 80, and Ar 0.5 to 1.5. Unconverted carbon, ash, or molten
slag are contained in the effluent gas stream. Depending on the composition and use, the effluent gas stream
is called synthesis gas, reducing gas, or fuel gas. Coal has a high ash content e.g. about 10 to 30 wt.%. It was
unexpectedly found that advantageously when coal is used as the supplemental fuel the coal ash will encap-
sulate the non-combustible materials in the sewage sludge, and the encapsulated material will flow from the
reaction zone of the gas generator as substantially inert molten slag.

The hot gaseous effluent stream from the reaction zone of the synthesis gas generator is quickly cooled
below the reaction temperature to a temperature in the range of about 121°C to 371°C (250°F to 700°F.) by
direct quenching in water, or by indirect heat exchange for example with water to produce steam in gas cooler.
The gas stream may be cleaned and purified by conventional methods. For example, reference is made to coas-
signed U.S. Patent No. 4,052,176, which is included herein by reference for removal of H,S, COS, and CO..

In another embodiment, the supplemental fuel is a fuel gas such as natural gas or a portion of the fuel
gas e.g. gaseous mixture of H,, CO and CH, that is produced downstream in the gas generator by the partial
oxidation of the sewage sludge and fuel gas. An atomized dispersion of sewage sludge and fuel gas may be
produced upstream from the burner or by impingement of the streams at the tip of the burner in the reaction
zone. Such an atomized dispersion would have a higher heating value (HHV) of at least 11178KJ/m?3 (300 Btu
per Standard Cubic Foot)

For example, the aqueous sewage sludge slurry may be introduced into the gasifier by way of intermediate
annular passage 16 of the previously described three stream annular type burner U.S. Patent No. 3,847,564.
Free-oxygen containing gas is passed through outer annular passage 14 or central conduit 18, and the fuel
gas is passed through the remaining passage. Alternatively, a free-oxygen containing gas may be passed
through central conduit 18 and outer annular passage 14, and a gaseous dispersion of sewage sludge entrained
in the fuel gas is passed through the intermediate annular passage 16.

In one embodiment, an additive is introduced into the partial oxidation reaction zone along with the other
feed materials in order to facilitate the encapsulation and removal as inert molten slag of the non-combustible
materials found in the sewage sludge and in the ash of the supplemental fuel. The additive is selected from
the group consisting of iron-containing material, calcium-containing material, silicon-containing material and
mixtures thereof. About 0.1 to 10 parts by weight of additive is introduced into the gasifier for each part by
weight of non-combustible materials. The iron-containing additive material is for example selected from the
group consisting of iron, iron oxide, iron carbonate, iron nitrate, and mixtures thereof. The calcium-containing
additive material is for example selected from the group consisting of calcium oxide, calcium hydroxide, calcium
carbonate, calcium nitrate, calcium fluoride, calcium phosphate, calcium borate, and mixtures thereof. The sil-
icon-containing additive material is for example selected from the group consisting of silica, quartz, silicates,
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volcanic ash, and mixtures thereof.

DESCRIPTION OF THE DRAWING

A more complete understanding of the invention may be had by reference to the accompanying drawing
which illustrates a preferred embodiment of the invention. It is not intended to limit the subject invention to the
particular process or materials described.

Municipal sanitary sewage in line 1 is passed through screening facility 2 where it is screened- through
bar screens having a 1.9 cm (3/4”) or larger spacing, and is then passed through line 3 and grit chamber 4.
Large objects and grit are thereby removed. Periodically, the large sized objects such as sticks, vegetables,
grit, sand and stones are hauled away for use as landfill. The sewage is then passed through line 5 into primary
sedimentation tank, settler or clarifier 6 where after seftling, the primary sludge is removed through line 7 hav-
ing an ultimate analysis as shown in Table Il. The primary sludge is then introduced into holding tank 8.

Liquid overflow from the primary sedimentation tank 6 in line 9 is preferably processed to reduce the BOD
and organic solids content, and to purify and optionally dimineralize the water. For this, the liquid overflow
stream in line 9 is introduced into an aerated biochemical facility 10 along with air from line 11, and a stream
of filtrate or supernatant fluid from line 12. The material from line 12 may be the filtrate or supernatant fluid
from downstream filter or settler 15 by way of lines 16 and 12.

Biochemical decomposition of the organic matter in the influent takes place in aerator 10. The pH is pre-
ferably in the range of about 6-9. Thus, by the activated sludge process in aerator 10, the BOD may be reduced
to less than 20 parts per million within about 2-4 hours. Settling of the treated liquor from line 17 takes place
in sedimentation tank or clarifier 18. Secondary sewage sludge from the bottom of settler 18 is passed into
holding tank 8 by way of line 19. The overflow water from settler 18 is passed through line 20 and disinfected
in line 21 with chlorine from line 22. Another advantage of combining gasification with sewage treatment occurs
when the effluent water in line 20 is disinfected with a waste heat stream derived in the process. Savings on
alternate methods of disinfecting the water including chlorinating, treating with ultraviolet light, and combina-
tions thereof is thereby effected. Optionally, the water may be deionized and/or filtered.

The primary sewage sludge, or alternatively the mixture of primary and secondary sewage sludge from
holding tank 8 is passed through line 25 into steam jacketed tank 26. There the sewage sludge is heated to a
temperature in the range of about 93°C - 315°C (200°F to 600°F) and a pressure equal to or above the vapor
pressure of water at said elevated temperature for a period of about 1/4 to 2 hours, until a large portion e.g.
50 to 100 wt.% or substantially all of the organic matter is agglomerated. Heat may be provided by introducing
steam from line 27 into steam jacket 28. Alternatively, the steam may be introduced in direct contact with the
sewage sludge in tank 26. Preferably, the steam is produced downstream in the process in a waste heat boiler
or by indirect heat exchange between boiler feed water and the raw effluent gas stream from the partial oxi-
dation synthesis gas generator. Alternatively, hot quench water produced by cooling the hot effluent gas stream
in a quench tank downstream from the partial oxidation reaction zone may be used to heat the slurry in tank
26. Preferably, the tank is equipped with a conventional shearing device 29 e.g. motorized or static mixer to
provide a minimum shear of about 1000 per minute during the heating period.

The pressure in tank 26 is maintained above the vapor pressure of water at the temperature prevailing
within tank 26. Shearing plus heating allows the percent sewage sludge and the total solids in the slurry to
be increased. Odorous gases may be removed from tank 26 and may be sent to a wet scrubber or other con-
ventional odor control unit. The offgases may be burned in an incinerator.

A pumpable agglomerated sewage sludge slurry may be thereby produced in tank 26. This pumpable sew-
age sludge slurry is passed through line 31 into a dewatering means 15 e.g. filter or settler. A pumpable aqu-
eous sewage sludge slurry is passed through line 32 and into holding tank 33 having a solids content in the
range of about 25 to 50 wt %.

The aqueous slurry of sewage sludge in tank 33 is passed through line 34 and into in-line static mixer 35
where it is mixed with an aqueous coal and/or petroleum coke slurry from holding tank 36 and line 37. An aqu-
eous sewage sludge-coal and/or petroleum coke slurry leaves mixer 35 through line 38 having a solids content
in the range of about 30 to 65 wt. % and is introduced into a conventional, entrained flow, down-flowing, free-
flow, vertical, non-catalytic, refractory lined, partial oxidation gas generator for the production of synthesis gas,
reducing gas, or fuel gas. Alternatively, in-line mixer 35 may be replaced by a grinder. In such case, coal and/or
petroleum coke may be introduced through line 37 and ground together with the aqueous slurry of sewage
sludge from line 34.
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Claims

1.

A process for the partial oxidation of sewage sludge comprising:-
(1) heating a concentrated aqueous slurry of sewage sludge obtained from sewage and comprising
combustible and non-combustible materials and having a solids content of at least 3wt% in the absence
of air at a temperature in the range of about 93-315°C (200 to 600°F) and at a pressure at or above
the vapour pressure of water at said elevated temperature until a large portion of the organic matter in
said sewage is agglomerated; and
shearing said aqueous slurry of sewage sludge in (1) at a shear rate of at least 1000 per minute for a
period of about % hr. to 2hrs. while said aqueous slurry of sewage sludge is being heated.
(2) dewatering the heated aqueous pumpable slurry of sewage sludge from (1) to a solids content in
the range of about 25 to 50 wt. %;
(3) mixing the pumpable slurry of sewage sludge produced in (2) having a higher heating value (HHV)
of at least 7MJ/kg (3,000 Btu/Ib) (dry basis) with a supplemental fuel comprising particles of coal and/or
petroleum coke having a higher heating value (HHV) of at least about 18.6 MJ/Kg (8,000 Btu/lb) (dry
basis); or a liquid hydrocarbon or a liquid hydrocarbonaceous fuel having a higher heating value (HHV)
of at least about 28 MJ/kg (10,000 Btu/lb); or a gaseous fuel having a higher heating value (HHV) of at
least about 2794 KJ/m3 (75 Btu per Standard Cubic Foot (SCF)); to produce a pumpable agueous sew-
age sludge-coal and/or petroleum coke slurry, or a pumpable feed slurry having a solids content in the
range of about 30 to 65 wt. %, and having a higher heating value (HHV) of at least about 18.6 MJ/Kg
(8,000 Btu/Ib) (dry basis); or a dispersion of sewage sludge in gaseous fuel, wherein said dispersion
has a higher heating value (HHV) of at least 11178 mJ/m?3 (300 Btu/SCF), and,
(4) reacting said pumpable aqueous sewage sludge-coal and/or petroleum coke slurry; or said pump-
able feed slurry; or said atomized dispersion; from (3) in the reaction zone of a partial oxidation gas
generator at a temperature in the range of about 982°C - 1538°C (1800°F to 2800°F) and a pressure
in the range of about 1-35 atmospheres, and in the presence of a free-oxygen containing gas, thereby
producing a hot raw effluent stream of synthesis gas, reducing gas or fuel gas.

A process according to Claim 1 wherein said supplemental solid fuel is coal whereby the non-combustible
material in the sewage sludge is encapsulated by ash contained in said coal, and wherein the encapsu-
lated material flows from the reaction zone of the gas generator in (4) as substantially inert molten slag.

A process according to any one of Claims 1 - 2 provided with the step of heating said aqueous slurry of
sewage sludge in (1) by indirect heat exchange with hot quench water or steam produced downstream in
the process during the cooling of the hot raw effluent gas stream from (4).

A process according to any one of Claims 1 - 3 provided with the steps of producing high quality or su-
perheated steam by indirect heat exchange between boiler feedwater and said hot effluent gas stream
from (4) in a waste heat boiler, intfroducing said steam into a steam turbine to produce mechanical power
and/or electricity, and heating said aqueous slurry of sewage sludge in (1) by indirect heat exchange with
low quality discharge steam from said steam turbine.

A process according to Claim 3 provided with the step of producing said hot quench water by direct heat
exchange between water in a quench tank located downstream from said partial oxidation gas generator
and said hot raw effluent gas stream from (4).

A process according to any one of Claims 1 - 5 provided with the step of introducing said hot raw effluent
gas stream from (4) into a gas purification zone and removing H,S, COS, and CO, from said effluent gas
stream.

A process according to any one of Claims 1 - 6 provided with the step of dewatering the heated aqueous
pumpable slurry of sewage sludge from (1) in (2) by gravity settling or filtration.

A process according to any one of Claims 1 - 7 wherein the mixing in (3) takes place in a mixing zone
wherein a pumpable aqueous slurry of sewage sludge having a solids content in the range of about 25
to 50 wt. % is mixed with a pumpable aqueous coal and/or petroleum coke slurry having a solids content
in the range of about 10 to 75 wt. %; and wherein the wt. % of sewage sludge in said aqueous sewage
sludge-coal and/or petroleum coke slurry is in the range of about 10 to 30.
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A process according to any one of Claims 1 - 7 wherein the mixing in (3) takes place in a grinder, and the
solids in said pumpable aqueous sewage sludge-coal and/or petroleum coke slurry and the particles of
coal and/or petroleum coke in said supplemental fuel are ground to a particle size so that 100% passes
through an ASTM E11-70 Sieve Designation Standard (SDS) 1.40 mm Alternative No. 14.

A process according to any one of Claims 1 - 9 provided with the step of introducing an additive into the
reaction zone of (4) in order to facilitate the encapsulation of said non-combustible materials in the sewage
sludge and in the ash of the supplemental fuel.

A process according to Claim 10 wherein said additive is selected from the group consisting of iron-
containing materials, calcium-containing materials, silicon-containing materials, and mixtures thereof.

A process according to Claim 11 wherein said iron-containing material is selected from the group consist-
ing of iron, iron oxide, iron carbonate, iron nitrate, and mixtures thereof; said calcium-containing material
is selected from the group consisting of calcium oxide, calcium hydroxide, calcium carbonate, calcium ni-
trate, calcium fluoride, calcium phosphate, calcium borate, and mixtures thereof; and said silicon-contain-
ing additive material is selected from the group consisting of silica, silicates, quartz, volcanic ash, and
mixtures thereof.

A process according to any one of Claims 1 - 12 provided with the steps of aerating the water removed
from sewage to produce said concentrated aqueous slurry of sewage sludge in (1), separating the aerated
material into an aqueous slurry of secondary sewage sludge and water overflow, disinfecting the water
overflow, and mixing the aqueous slurry of secondary sludge with the concentrated aqueous slurry of
sewage sludge to be processed in (1).

A process according to Claim 13 provided with the steps of disinfecting said water overflow by a conven-
tional process step selected from the group consisting of chlorinating, heating with waste heat derived in
the process, treating with ultra-violet light, or combinations thereof.

A process according to Claim 13 or Claim 14 provided with the steps of removing dissolved solids from
said disinfected water and passing the upgraded disinfected water in indirect heat exchange with the ef-
fluent gas stream from the partial oxidation reaction zone to produce steam, and heating the concentrated
aqueous slurry of sewage sludge in (1) by indirect heat exchange with said steam.

A process according to any one of Claims 1 - 12 provided with the steps of aerating the water removed
from sewage to produce said concentrated aqueous slurry of sewage sludge in (1), separating the aerated
material into an aqueous slurry of secondary sewage sludge and water overflow, purifying the water over-
flow, and mixing the aqueous slurry of secondary sludge with the concentrated aqueous slurry of sewage
sludge to be processed in (1).

A process according to Claim 16 provided with the step of passing said purified water in indirect heat ex-
change with the effluent gas stream from the partial oxidation reaction zone to produce steam, and heat-
ing the oxidation reaction zone to produce steam, and heating the concentrated aqueous slurry of sewage
sludge in (1) by indirect heat exchange with said steam.

A process according to Claim 15 or Claim 16 provided with the steps of quench cooling the hot raw effluent
gas stream from (4) with atleast a portion of said disinfected water or said purified water thereby producing
hot quench water, and heating the concentrated aqueous slurry of sewage sludge in (1) by indirect heat
exchange with said hot quench water.

A process according to any one of Claims 1 - 18 provided with the step of introducing said pumpable aqu-
eous sewage sludge-coal and/or petroleum coke slurry; or said pumpable feed slurry; or said dispersion
of sewage sludge in gaseous fuel; from (3) into the reaction zone of the partial oxidation gas generator
in (4) by way of the intermediate annular shaped passage of an annular-type burner comprising a central
conduit surrounded by two concentric annular shaped passages while simultaneously passing free-
oxygen containing gas through the central conduit and outer annular shaped passage.

A process according to any one of Claims 1 - 19 where in (3) said supplemental solid fuel is coal selected
from the group consisting of anthracite, bituminous, subbituminous, coke from coal, lignite, residue derived
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from coal liquifaction, and mixtures thereof.

A process according to any one of Claims 1 - 20 wherein said coal and/or petroleum coke is provided as
a pumpable slurry of coal and/or petroleum coke in a liquid medium selected from the group consisting
of water, liquid hydrocarbon, liquid hydrocarbonaceous fuel, and mixtures thereof.

A process according to Claim 1 wherein said liquid hydrocarbonceous fuel is selected from the group con-
sisting of virgin crude, residue from petroleum distillation and cracking, petroleum distillates, reduced
crude, asphalt, coal tar, shale oil, tar sand oil, and mixtures thereof.

A process according to Claim 1 wherein said supplemental fuel is selected from the group consisting of
natural gas, a portion of gas produced in the partial oxidation gas generator, and mixtures thereof.

A process according to Claims 1, and 23 wherein the mixing in (3) is produced by passing said aqueous
pumpable slurry of sewage sludge from (2) through the intermediate annular shaped passage of an an-
nular-type burner comprising a central conduit surrounded by two concentric annular shaped passages
while simultaneously passing a stream of free-oxygen containing gas through the central conduit or the
outer annular shaped passage, and passing a separate stream of said gaseous fuel through the remaining
conduit.

Patentanspriiche

1.

2.

Verfahren zur teilweisen Oxidation von Abwasserschlamm, welches umfaft: -
(1) Erhitzen einer konzentrierten wéalrigen Aufschldmmung von Abwasserschlamm, die aus Abwasser
erhalten ist und brennbare und nicht-brennbare Materialien umfallt und einen Feststoffgehalt von we-
nigstens 3 Gew.-% besitzt, in der Abwesenheit von Luft bei einer Temperatur im Bereich von etwa 93-
315°C (200 bis 600°F) und bei einem Druck bei oder iiber dem Dampfdruck von Wasser bei besagter
erh&hten Temperatur, bis ein groRer Teil des organischen Materials in besagtem Abwasser agglomeriert
ist; und
Scheren besagter walrigen Aufschlammung von Abwasserschlamm in (1) bei einer Scherrate von we-
nigstens 1000 pro Minute fiir einen Zeitraum von etwa 1/4 h bis 2 h, wahrend besagte wélrige Auf-
schldmmung von Abwasserschlamm erhitzt wird;
(2) Entwassern der erhitzten, walrigen, pumpbaren Aufschlammung von Abwasserschlamm aus (1)
auf einen Feststoffgehalt im Bereich von etwa 25 bis 50 Gew.-%;
(3) Vermischen der in (2) hergestellten pumpbaren Aufschldmmung von Abwasserschlamm mit einem
spezifischen Brennwert (Hy) von wenigstens 7 MJ/kg (3.000 Btu/Ib) (Trockenbasis) mit einem Ergén-
zungsbrennstoff, der Teilchen aus Kohle und/oder Erddlkoks mit einem spezifischen Brennwert (Ho)
von wenigstens etwa 18,6 MJ/kg (8000 Btu/Ib) (Trockenbasis); oder einen flissigen Kohlenwasserstoff
oder einen flissigen kohlenwasserstoffhaltigen Brennstoff mit einem spezifischen Brennwert (H,) von
wenigstens etwa 23 MJ/kg (10.000 Btu/lb) oder einen gasférmigen Brennstoff mit einem spezifischen
Brennwert (Hy) von wenigstens etwa 2.794 kJ/m?3 (75 Btu pro Standard Cubic Foot (SCF)) umfaft; um
eine pumpbare wéRrige AufschlAammung von Abwasserschlamm/Kohle und/oder Erdélkoks oder eine
pumpbare Eintragsaufschlammung mit einem Feststoffgehalt im Bereich von etwa 30 bis 65 Gew.-%
und mit einem spezifischen Brennwert (Hg) von wenigstens etwa 18,6 MJ/kg (8.000 Btu/Ib) (Trocken-
basis); oder eine Abwasserschlammdispersion in gasférmigem Brennstoff, wobei besagte Dispersion
einen spezifischen Brennwert (H,) von wenigstens 11.178 kJ/m? (300 Btu/SCF) besitzt, herzustellen;
und
(4) Umsetzen besagter pumpbaren waRrigen Aufschlammung von Abwasserschlamm/Kohle und/oder
Erddlkoks; oder besagter pumpbaren Eintragsaufschldmmung; oder besagter zerstaubten Dispersion;
aus (3) in der Reaktionszone eines Gasgenerators fiir teilweise Oxidation bei einer Temperatur im Be-
reich von etwa 982°C-1.538°C (1.800°F bis 2.800°F) und einem Druck im Bereich von etwa 1-35 At-
mosphéren und in der Gegenwart eines freien Sauerstoff enthaltenden Gases, wodurch ein heiler, ab-
gehender Rohstrom aus Synthesegas, Reduktionsgas oder Brenngas produziert wird.

Verfahren nach Anspruch 1, wobei besagter Ergdnzungsfestbrennstoff Kohle ist, wodurch das nicht-
brennbare Material im Abwasserschlamm durch in besagter Kohle enthaltene Asche eingekapselt wird,
und wobei das eingekapselte Material aus der Reaktionszone des Gasgenerators in (4) als im wesentli-
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chen inerte geschmolzene Schlacke abflieft.

Verfahren nach einem der Anspriiche 1-2, mit dem Schritt des Erhitzens besagten walriger Aufschladm-
mung von Abwasserschlamm in (1) durch indirekten Warmeaustausch mit heiRem Quenchwasser oder
Dampf, das (der) stromabwarts im Verfahren wahrend der Abkiihlung des heilRen abgehenden Rohgas-
stroms aus (4) produziert wird.

Verfahren nach einem der Anspriiche 1-3, mit den Schritten des Herstellens hochqualitativen oder iiber-
hitzten Dampfes durch indirekten Warmeaustausch zwischen Kesseleinlaufwasser und besagtem heillen
abgehenden Gasstrom aus (4) in einem Abhitzekessel, des Einleitens besagten Dampfes in eine Dampf-
turbine, um mechanische Kraft und/oder Elektrizitat zu produzieren, und des Erhitzens besagter walirigen
Aufschlammung von Abwasserschlamm in (1) durch indirekten Warmeaustausch mit Abdampf niedriger
Qualitat aus besagter Dampfturbine.

Verfahren nach Anspruch 3, mit dem Schritt des Herstellens besagten heilen Abkiihlwassers durch di-
rekten Warmeaustausch zwischen Wasser in einem Quenchtank, der stromabwérts von besagtem Gas-
generator fir teilweise Oxidation angeordnet ist, und besagtem heilRen abgehenden Rohgasstrom aus (4).

Verfahren nach einem der Anspriiche 1-5, mit dem Schritt des Einleitens besagten heilen abgehenden
Rohgasstroms (4) in eine Gasreinigungszone und des Entfernens von H,S, COS und CO, aus besagtem
abgehenden Gasstrom.

Verfahren nach einem der Anspriiche 1-6, mit dem Schritt des Entwésserns der erhitzten wélrigen pump-
baren Aufschldmmung von Abwasserschlamm aus (1) in (2) durch Schwerkraftabsetzung oder Filtration.

Verfahren nach einem der Anspriiche 1-7, wobei das Vermischen in (3) in einer Mischzone stattfindet, in
der eine pumpbare walrige Aufschldmmung von Abwasserschlamm mit einem Feststoffgehalt im Bereich
von etwa 25 bis 50 Gew.-% mit einer pumpbaren wéRrigen Kohle- und/oder Erdélkoksaufschlammung
mit einem Feststoffgehalt im Bereich von etwa 10 bis 75 Gew.-% vermischt wird; und wobei die Gew.-%
Abwasserschlamm in besagter walrigen Aufschldmmung von Abwasserschlamm/Kohle und/oder Erdél-
koks im Bereich von etwa 10 bis 30 liegen.

Verfahren nach einem der Anspriiche 1-7, wobei das Vermischen in (3) in einer Miihle stattfindet und die
Feststoffe in besagter pumpbaren wélrigen Aufschlammung von Abwasserschlamm/Kohle und/oder Erd-
6lkoks und die Teilchen aus Kohle und/oder Erddlkoks in besagtem Ergdnzungsbrennstoff zu einer der-
artigen TeilchengréRe vermahlen werden, da? 100% durch ein ASTM E11-70 Sieve Designation Standard
(SDS) 1,40 mm Alternative No. 14 hindurchgehen.

Verfahren nach einem der Anspriiche 1-9, mit dem Schritt des Einleitens eines Zusatzstoffes in die Re-
aktionszone von (4), um die Einkapselung besagter nicht-brennbaren Materialien im Abwasserschlamm
und in der Asche des Ergénzungsbrennstoffes zu erleichtern.

Verfahren nach Anspruch 10, wobei besagter Zusatzstoff ausgewahlt wird aus der Gruppe, die aus ei-
senhaltigen Materialien, calciumhaltigen Materialien, siliciumhaltigen Materialien und Mischungen dersel-
ben besteht.

Verfahren nach Anspruch 11, wobei besagtes eisenhaltige Material ausgewahlt wird aus der Gruppe, die
aus Eisen, Eisenoxid, Eisencarbonat, Eisennitrat und Mischungen derselben besteht; besagtes calcium-
haltige Material ausgewahlt wird aus der Gruppe, die aus Calciumoxid, Calciumhydroxid, Calciumcarbo-
nat, Calciumnitrat, Calciumfluorid, Calciumphosphat, Calciumborat und Mischungen derselben besteht;
und besagtes siliciumhaltiges Zusatzmaterial ausgewahlt wird aus der Gruppe, die aus Siliciumdioxid, Si-
likaten, Quarz, vulkanischer Asche und Mischungen derselben besteht.

Verfahren nach einem der Anspriiche 1-12, mit den Schritten des Beliiftens des aus Abwasser entfernten
Wassers, um besagte konzentrierte waRrige Aufschlammung von Abwasserschlamm in (1) herzustellen,
des Trennens des beliifteten Materials in eine wafrige Aufschldmmung von sekunddrem Abwasser-
schlamm und Wasseriiberlauf, des Desinfizierens des Wasseriiberlaufs und des Vermischens der wapk-
rigen Aufschldmmung von Sekundarschlamm mit der in (1) zu verarbeitenden konzentrierten waRrigen
Aufschlammung von Abwasserschlamm.
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Verfahren nach Anspruch 13, mit den Schritten des Desinfizierens besagten Wasseriberlaufs durch einen
herkémmlichen Verfahrensschritt, der ausgewahlt ist aus der Gruppe, die aus Chlorieren, Erhitzen mit
Abhitze, die im Verfahren gewonnen wird, Behandeln mit ultraviolettem Licht oder Kombinationen dersel-
ben besteht.

Verfahren nach Anspruch 13 oder Anspruch 14, mit den Schritten des Entfernens gel6ster Feststoffe aus
besagtem desinfizierten Wasser und Leiten des verbesserten desinfizierten Wassers in indirektem War-
meaustausch mit dem abgehenden Gasstrom aus der Reaktionszone fir teilweise Oxidation, um Dampf
zu produzieren, und des Erhitzens der konzentrierten walrigen Aufschlammung von Abwasserschlamm
in (1) durch indirekten Warmeaustausch mit besagtem Dampf.

Verfahren nach einem der Anspriiche 1-12, mit den Schritten des Beliiftens des aus Abwasser entfernten
Wassers, um besagte konzentrierte waRrige Aufschlammung von Abwasserschlamm in (1) herzustellen,
des Trennens des beliifteten Materials in eine wafrige Aufschldmmung von sekunddrem Abwasser-
schlamm und Wasseriiberlaufs, des Reinigens des Wasseriiberlaufs und des Vermischens der wéalrigen
Aufschlammung von Sekundéarschlamm mit der in (1) zu verarbeitenden konzentrierten wélrigen Auf-
schldmmung von Abwasserschlamm.

Verfahren nach Anspruch 16, mit dem Schritt des Leitens besagten gereinigten Wassers in indirektem
Wiaérmeaustausch mit den abgehenden Gasstrom aus der Reaktionszone fiir teilweise Oxidation, um
Dampf zu produzieren, und des Erhitzens der konzenfrierten wélrigen Aufschldmmung von Abwasser-
schlamm in (1) durch indirekten Warmeaustausch mit besagtem Dampf.

Verfahren nach Anspruch 15 oder Anspruch 16, mit den Schritten der Quenchkiihlung des heilRen abge-
henden Rohgasstroms aus (4) mit wenigstens einem Teil besagten desinfizierten Wassers oder besagten
gereinigten Wassers, wodurch heiRes Quenchwasser produziert wird, und des Erhitzens der konzentrier-
ten walrigen Aufschlammung von Abwasserschlamm in (1) durch indirekten Warmeaustausch mit besag-
tem heifRen Quenchwasser.

Verfahren nach einem der Anspriiche 1-18, mit dem Schritt des Einleitens besagter pumpbaren wéRrigen
Aufschlammung von Abwasserschlamm/Kohle und/oder Erddlkoks; oder besagter Eintragsaufschldm-
mung; oder besagter Dispersion von Abwasserschlamm in gasférmigem Brennstoff; aus (3) in die Reak-
tionszone des Gasgenerators fiir teilweise Oxidation in (4) iiber den ringférmig ausgebildeten Zwischen-
durchlaf eines Brenners vom Ringtyp, der eine Zentralleitung umfaft, die von zwei konzentrischen, ring-
férmigen Durchlassen umgeben ist, wahrend gleichzeitig freien Sauerstoff enthaltendes Gas durch die
Zentralleitung und den auBeren, ringférmig ausgebildeten Durchlal gefiihrt wird.

Verfahren nach einem der Anspriiche 1-19, wo in (3) besagter Erganzungsfestbrennstoff Kohle ist, die
ausgewahlt ist aus der Gruppe, die aus Anthrazit, bitumindser Kohle, subbitumindser Kohle, Koks aus
Kohle, Lignit, aus Kohleverfliissigung gewonnenem Riickstand und Mischungen derselben besteht.

Verfahren nach einem der Anspriiche 1-20, wobei besagte Kohle und/oder besagter Erdélkoks als eine
pumpbare Aufschlammung von Kohle und/oder Erdélkoks in einem fliissigen Medium bereitgestellt wird,
das ausgewahlt ist aus der Gruppe, die aus Wasser, fliissigem Kohlenwasserstoff, flissigem kohlenwas-
serstoffhaltigen Brennstoff und Mischungen derselben besteht.

Verfahren nach Anspruch 1, wobei besagter flissiger kohlenwasserstoffhaltiger Brennstoff ausgewahlt
ist aus der Gruppe, die aus Virgin Crude, Riickstand aus Erddldestillation und -crackung, Erddldestillaten,
reduziertem Crude, Asphalt, Kohleteer, Schieferél, Teersandél und Mischungen derselben besteht.

Verfahren nach Anspruch 1, wobei besagter Erganzungsbrennstoff ausgewahlt ist aus der Gruppe, die
aus Erdgas, einem im Gasgenerator fiir teilweise Oxidation produzierten Gasanteil und Mischungen der-
selben besteht.

Verfahren nach Anspruch 1 und 23, wobei das Vermischen in (3) durchgefiihrt wird, indem besagte wéR-
rige pumpbare AufschlAmmung von Abwasserschlamm aus (2) durch den ringférmig ausgebildeten Zwi-
schendurchlaR eines Brenners vom Ringtyp gefiihrt wird, der eine Zentralleitung umfaft, die von zwei kon-
zentrischen, ringférmig ausgebildeten Durchldssen umgeben ist, wéhrend gleichzeitig ein Strom aus frei-
en Sauerstoff enthaltendem Gas durch die Zentralleitung oder den auReren, ringférmig ausgebildeten
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Durchlaf gefiihrt wird und ein separater Strom besagten gasférmigen Brennstoffs durch die verbleibende
Leitung gefiihrt wird.

Revendications

Procédé d’oxydation partielle d’'une boue résiduaire, selon lequel :
(1) on chauffe une suspension aqueuse concentrée de boue résiduaire, obtenue a partir d’eau rési-
duaire, et comprenant des matiéres combustibles et non combustibles, et ayant une teneur en solides
d’au moins 3 % en poids en I'absence d’air & une température d’environ 93 a 315 °C (de 200 a 600°F)
et sous une pression égale ou supérieure a la pression de vapeur de I'eau a cette température élevée,
jusqu’'a ce qu'une portion importante de la matiére organique dans cette eau résiduaire, soit agglomé-
rée ; et
on cisaille cette suspension aqueuse de boue résiduaire obtenue en (1) selon un taux de cisaillement
d’au moins 1 000 par minute pendant une période d’environ un quart d’heure & deux heures, tandis
que I'on chauffe la suspension aqueuse de boue résiduaire ;
(2) on desséche la suspension aqueuse pompable chauffée de boue résiduaire obtenue en (1) jusqu’a
une teneur en solides d’environ 25 a 50 % en poids ;
(3) on mélange la suspension pompable de boue résiduaire produite en (2) ayant un pouvoir calorifique
supérieur (HHV) d’au moins 7 MJ/kg (3 000 Btu/lb) (a sec) avec un combustible supplémentaire compre-
nant des particules de charbon et/ou de coke de pétrole ayant un pouvoir calorifique supérieur (HHV)
d’au moins environ 18,6 MJ/kg (8 000 Btu/lb) (& sec) ; ou un hydrocarbure liquide ou un combustible
hydrocarboné liquide ayant un pouvoir calorifique supérieur (HHV) d’au moins environ 23 MJ/kg (10
000 Btu/Ib) ; ou un combustible gazeux ayant un pouvoir calorifique supérieur (HHV) d’au moins environ
2 794 kJ/m?3 (75 Btu/pied cube dans les conditions standard (SCF)) ; pour produire une suspension
aqueuse pompable de charbon et/ou de coke de pétrole et de boue résiduaire, ou une suspension de
départ pompable ayant une teneur en solides d’environ 30 a 65 % en poids, et ayant un pouvoir calo-
rifigue supérieur (HHV) d’au moins environ 18,6 MJ/kg (8 000 Btu/lb) (2 sec) ; ou une dispersion de
boue résiduaire dans un combustible gazeux, cette dispersion ayant un pouvoir calorifique supérieur
(HHV) d’au moins 11 178 MJ/m3 (300 Btu/SCF) ; et
(4) on fait réagir cette suspension aqueuse pompable de coke de pétrole et/ou de charbon et de boue
résiduaire, ou ladite suspension de départ pompable, ou ladite dispersion atomisée obtenue au (3),
dans la zone réactionnelle d’un générateur de gaz d’oxydation partielle & une température d’environ
982 °C a 1 538 °C (1 800 °F a 2 800 °F) et sous une pression d’environ 1 & 35 atmosphéres, et en
présence d'un gaz contenant de I'oxygéne libre, de fagon a produire un courant effluent brut chaud de
gaz de synthése, de gaz réducteur ou de gaz combustible.

Procédé selon la revendication 1, dans lequel le combustible solide supplémentaire, est du charbon, de
sorte que la matiére non combustible présente dans la boue résiduaire, est enrobée par la cendre conte-
nue dans ce charbon, et dans lequel la matiére enrobée s’écoule a partir de la zone réactionnelle du gé-
nérateur de gaz en (4), sous la forme d'une scorie fondue a peu prés inerte.

Procédé selon I'une quelconque des revendications 1 et 2, comprenant I'étape de chauffage de la sus-
pension aqueuse de boue résiduaire obtenue en (1), par échange de chaleur indirect avec de I’eau chaude
venue de refroidissement brusque ou de la vapeur produite en aval dans le cycle du procédé au cours
du refroidissement du courant gazeux effluent brut chaud obtenu en (4).

Procédé selon I'une quelconque des revendications 1 4 3, comprenant les étapes de production de vapeur
de haute qualité ou surchauffée, par échange de chaleur indirect entre I'eau d’alimentation d’'une chau-
diére et ledit courant gazeux effluent chaud obtenu en (4), dans une chaudiére a chaleur résiduelle, d’in-
troduction de cette vapeur dans une turbine a vapeur pour produire de I'énergie mécanique et/ou de I'élec-
tricité, etle chauffage de la suspension aqueuse de boue résiduaire obtenue en (1) par échange de chaleur
en direct avec de la vapeur de basse qualité évacuée a partir de la turbine a vapeur.

Procédé selon la revendication 3, comprenant I'étape de production de ladite eau chaude venue de re-
froidissement brusque, par échange de chaleur direct entre I'’eau dans un réservoir de refroidissement
brusque situé en aval du générateur de gaz d’oxydation partielle, et le courant gazeux effluent brut chaud
obtenu en (4).
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Procédé selon 'une quelconque des revendications 1 & 5, comprenant I'étape d’introduction du courant
gazeux effluent brut chaud obtenu en (4) dans une zone de purification de gaz, et I'élimination de H,S,
COS et CO, de ce courant gazeux effluent.

Procédé selon I'une quelconque des revendications 1 & 6, comprenant I'étape de desséchement en (2),
de la suspension aqueuse pompable chauffée de boue résiduaire obtenue en (1), par décantation par gra-
vité ou filtration.

Procédé selon I'une quelconque des revendications 1 a 7, dans lequel le mélange en (3) est effectué dans
une zone de mélange dans laquelle on mélange une suspension aqueuse pompable de boue résiduaire
ayant une teneur en solides d’environ 25 a 50 % en poids, avec une suspension aqueuse pompable de
charbon et/ou de coke de pétrole ayant une teneur en solides d’environ 10 4 75 % en poids ; et dans lequel
le pourcentage pondéral de boue résiduaire dans ladite suspension aqueuse de charbon et/ou de coke
de pétrole et de boue résiduaire, est d’environ 10 a 30.

Procédé selon I'une quelconque des revendications 1 a 7, dans lequel le mélange en (3) est effectué dans
un broyeur, et les solides dans la suspension aqueuse pompable de charbon et/ou de coke de pétrole et
de boue résiduaire, ainsi que les particules de charbon et/ou de coke de pétrole présentes dans le
combustible supplémentaire, sont broyés jusqu’a une taille particulaire telle que 100 % traversent un tamis
Alternative de 1,40 mm n° 14 selon la norme de désignation de tamis (SDS) ASTM E11-70.

Procédé selon 'une quelconque des revendications 1 a4 9, comprenant I'étape d’introduction d’'un additif
dans la zone réactionnelle en (4), afin de faciliter I'enrobage desdites matiéres non combustibles dans la
boue résiduaire et dans la cendre du combustible supplémentaire.

Procédé selon la revendication 10, dans lequel I'additif est choisi parmi les matiéres contenant du fer, les
matiéres contenant du calcium, les matiéres contenant du silicium et les mélanges de celles-ci.

Procéedé selon larevendication 11, dans lequel la matiére contenant du fer est choisie parmile fer, 'oxyde
de fer, le carbonate de fer, le nitrate de fer et les mélanges de ceux-ci ; la matiére contenant du calcium
est choisie parmi I'oxyde de calcium, I'hydroxyde de calcium, le carbonate de calcium, le nitrate de cal-
cium, le fluorure de calcium, le phosphate de calcium, le borate de calcium et les mélanges de ceux-ci ;
et I'additif & base de matiere contenant du silicium est choisi parmi la silice, les silicates, le quartz, la cen-
dre volcanique et les mélanges de ceux-ci.

Procédé selon I'une quelconque des revendications 1 a 12, comprenant les étapes d’aération de 'eau sé-
parée de la boue résiduaire pour produire la suspension aqueuse concentrée de boue résiduaire en (1),
de séparation de la matiére aérée en une suspension aqueuse de boue résiduaire secondaire et en un
trop plein d’eau, de désinfection du trop plein d’eau et de mélange de la suspension aqueuse de boue
secondaire avec la suspension aqueuse concentrée de boue résiduaire destinée a étre traitée en (1).

Procédé selon la revendication 13, comprenant les étapes de désinfection du trop plein d’eau en mettant
en oeuvre une opération de traitement classique choisie parmi une chloration, un chauffage avec la cha-
leur résiduelle issue du cycle du procédé, un traitement avec de la lumiére ultraviolette ou des combinai-
sons de ceux-ci.

Procédé selon la revendication 13 ou 14, comprenant les étapes d’élimination des solides dissous a partir
de I'eau désinfectée et de soumission de I'eau désinfectée valorisée a un échange de chaleur indirect,
avec le courant gazeux effluent issu de la zone réactionnelle d’'oxydation partielle, pour produire de la
vapeur, et de chauffage de la suspension aqueuse concentrée de boue résiduaire obtenue en (1) par
échange de chaleur indirect avec cette vapeur.

Procédé selon I'une quelconque des revendications 1 a 12, comprenant les étapes d’aération de 'eau sé-
parée de I'eau résiduaire, pour produire ladite suspension aqueuse concentrée de boue résiduaire obte-
nue en (1), de séparation de la matiére aérée en une suspension aqueuse de boue résiduaire secondaire
et en le trop plein d’eau, de purification du trop plein d’eau, et de mélange de la suspension aqueuse de
boue secondaire avec la suspension aqueuse concentrée de boue résiduaire destinée a étre traitée en
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Procédé selon la revendication 16, comprenant|'étape consistant & soumettre I'eau purifiée a un échange
de chaleur indirect avec le courant gazeux effluent issu de la zone réactionnelle d’oxydation partielle pour
produire de la vapeur, et & chauffer la suspension aqueuse concentrée de boue résiduaire obtenue en
(1), par échange de chaleur indirect avec cette vapeur.

Procédé selon la revendication 15 ou 16, comprenant les étapes de refroidissement brusque du courant
gazeux effluent brut chaud obtenu en (4), avec au moins une partie de I'eau désinfectée ou de I'eau pu-
rifiée, de fagon a produire de I’eau chaude venue de refroidissement brusque, et de chauffage de la sus-
pension aqueuse concentrée de boue résiduaire obtenue en (1) par échange de chaleur indirect avec|’eau
chaude venue de refroidissement brusque.

Procédé selon 'une quelconque des revendications 1 & 18, comprenant I'étape d’introduction de la sus-
pension aqueuse pompable de charbon et/ou de coke de pétrole et de boue résiduaire, ou de la suspen-
sion de départ pompable, ou de la dispersion de boue résiduaire dans un combustible gazeux, obtenue
en (3), dans la zone réactionnelle du générateur de gaz d'oxydation partielle en (4), a I'aide du conduit
annulaire intermédiaire d’un brdleur annulaire, comprenant un conduit central entouré par deux conduits
annulaires concentriques, en faisant passer simultanément un gaz contenant de I'oxygéne libre a travers
le conduit central et le conduit annulaire extérieur.

Procédé selon I'une quelconque des revendications 1 a2 19, dans lequel en (3), le combustible solide sup-
plémentaire est du charbon choisi parmi I'anthracite, un produit bitumineux, un produit sous-bitumineux,
du coke de charbon, la lignite, un résidu de liquéfaction du charbon, et les mélanges de ceux-ci.

Procédé selon I'une quelconque des revendications 1 a 20, dans lequel le charbon et/ou le coke de pétrole
est fourni sous la forme d’'une suspension pompable de charbon et/ou de coke de pétrole, dans un milieu
liquide choisi parmi I'eau, un hydrocarbure liquide, un combustible hydrocarboné liquide et les mélanges
de ceux-ci.

Procédé selon la revendication 1, dans lequel le combustible hydrocarboné liquide, est choisi parmi le
pétrole brut vierge, un résidu de distillation et de craquage de pétrole, des distillats pétroliers, du pétrole
brut réduit, I'asphalte, du goudron de houille, du pétrole de schiste, du pétrole de sable bitumineux, et les
mélanges de ceux-ci.

Procédé selon la revendication 1, dans lequel le combustible supplémentaire est choisi parmi le gaz na-
turel, une partie du gaz produit dans le générateur de gaz d’oxydation partielle, et les mélanges de ceux-
ci.

Procédé selon les revendications 1 et 23, dans lequel le mélange effectué en (3) est mis en oeuvre en
faisant passer la suspension aqueuse pompable de boue résiduaire obtenue en (2), a travers le conduit
annulaire intermédiaire d’'un brdleur annulaire comprenant un conduit central entouré par deux conduits
annulaires concentriques, en faisant passer simultanément un courant de gaz contenant de I'oxygéne libre
a travers le conduit central ou le conduit annulaire extérieur, et en faisant passer un courant séparé du
combustible gazeux, a travers le conduit restant.
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